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PROJECT WORK PLAN

SAAD TROUSDALE-SITE
CRAWFORD AND ASSOCIATES, INC.

TASK 1: Project Work Plan July 12-24,

. 1 0 .
Prepare Work Plan outlining projected time lines, procedures and methodologies for dye
trace investigation and submit 10 Weston,

TASK 2: Literaturc Review July 15.30.

Review all existing site reports and hydrogeologic reports about the area.
TASK 3: Obtain Permits July 24.30,

Prepare dye trace permit applications for six dye traces 2nd submit to Underground
Injection Contro! Branch, Tennessee Division of Water,

TASK 4: Prepare Working Bagse Maps July 24-30,
Obtain copies of the following end trensfer pertinent information onio & working base
map:

a) Topographic Quadrangle Maps

b) Geologic Quadrangle Maps

¢) Air photos - Neshvilic Public Works

d) Large scelc maps - Nashville Public Works

e) Soil Atles of Davidson County - .

f) Flood maps along creeks - Corps of Engineers

g) Cave meps A

h) Storm sewer maps - Neshville Public Works and CSX Radlroad
i) Sanitary sewer meps - Neshville Public Works

J) Sitz meps - CSX Railroad Radnor Yard

®) Site meps - CE Meintenance Site

1) Site meps - Sead site maps from previous investigations

TASK 5: Order Supplies and Prepare Dye Recept(;rs and Field Equipment Jjuly 12-530.
2) Dves
o) Dye receplors
1} Coconut charcoe]
2) Unbleached cotion
3) Plastic sampie bags
4) Latex gloves
§) Fioaters to suspend dye receptors ebove stream floor
6) Peper clips
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7) Namectags

§) Bleck twine for enaching dye rcccp'ors 10 tre=s end anchors
9) Fiberglass screen matene]

10) Monofilament thread for sewing fiberglass bags.

11) Staplers and staples (2)

12) Ficld packs for carrying supplies (2)

c) Sew 1000 fibergless screen dye receplor baps

d) Conductivity meters (2)

¢) pH meters (1)

f) Cameras for photographing springs (2)

g) Flagging for marking springs

h) Machete (2)

1) Spring inventory forms on clip board (2)

J) Permancnt merkers for labeling plastic bags

k) Coolers for transporting dve receptors to leboratory (2)
1) Botties (40 m!) for grab samples

TASK 6: Karst Hydrogeologic Inventory August i-5

2)

b)

Spring inventory - Springs and seeps will be located by welking or ficating all -
streems swrounding the site,

The following information will be recorded on the Karst Bydrogeologic inventory
Form ebout each spang.

Spring name

Lozetion

Description
Photograph

Leandowner and address
Temperature
Discharge

Specific conductance
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Other karst features: Ceves, karst windows, sinking streams, losing sgeams,
sinkhoies. These features will be identified from meps, soil atias, 2ir photos,
information provided by landowners and by walking over the areg, Al features
will be field investigated and the ebove lisied infonmaton recorded on the Karst
Hydrogeologc Inveniory Form.
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KARST HYDROGEOLOGIC INVENTORY FORM
CRAWFORD AND, ASSOCIATES, INC.

Date Time

Project Name

Person{s) Completing Karst Inventory Form

Feature: Spring Sinking Stream Karst Window
Seep Losing Stream Cave with Stream
_____ Sinkhole Surface Stream Cave without Stream

Location (Latitude and Longitude)

Inventory Number

Name of Fexture Location (Description)

Landowner
Address

Discharge Measured Dye Receptor Location(s)
Estimated e -

Temperature

Specific Conductance

pPH Comrhents”

Photograph
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TASK 7: Installation of Background Dye Reeeptors August 1-5

The passive dve receptors 1o be used arc smali packets constructed of fiberglass screen
raesh with activated coconus cha:coa] in one chamber and a bundle of unbleached cotton in the
other. These are placed in all springs, cave streams, kerst windews, surface streams, and
selected momtormg wells and water wells and ief for app'oxm gtely one week. They are then
replaced with new receptors and the background receptors are 2nalyzed in the laboratory zlong
with water samples collected at each site for background fluorescence. Background
fiuorescence will be considered in seiecting dyes to be uscd for the investigation,

Two sets of passive dye receptors will be installed af each Jocation to be monitored for
dye. Where possibic, they will be placed about 100 feet wpart. Dye receptors will be attached 1o
large rocks with black nylon twine. A floater wilt bs attached to each receptor 1o suspend it
above the stream bottom as to allow water to flow through the packet at all times. Gumdrops
may be used in deep springs, karst windows and surface strcams. In sinall springs with shallow
waler the dye receptors will be placed to maximize the amount of flow past the recepters. "’nc
strcam chenoel may be modified by digging and placing Jarge rocks in positions to increase t
fiow past the dye recepiors, In shallew waier large flat rocks may be placed over the dyve
receptors to conceal them and to reduce photochemical decey from sunlight, However, these
Tocks must be resting upon another rock so that they form a roof over the dve receptors. Toey
TIUS not press the receptors into .hc strezm bed and thus reduce the amount of fiow past them.
The dye receptors will be secured with black nylen twine {0 & nearby tree or rock. They will be
tied high enough so that they can be retrieved during high water {typicelly 10 or more feet above
the existing water level). 1l dye recepiors will be constructed ne more thap one day previous to
instzlletion in the fizid. Each dve recepror set, consisting of the activated charcozl/unbieached

—id

cotton cual chamber packet will be sceled within & small plastic beg. Each bag will contein the
foliowing:

Actd '"t:d charcoel/undleeched cotton pecket
Large paper clips for ettaching peckes (o rocks or gumdrops
entification tag

Dls oszble latex gloves (new gloves will be used at sach Cye receploer site)

A 40 ! bottle for collecting & grab samplc
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Upen retrieval, ezch dve re ccptor will be washed ofF in the streem and then piaced In &
small plastic bag. The beg will be identified in in permanen: 1nk with the foliowing in fO"m&t)cr.'.

1 Iden :':’:a* jon number

2 Name of sp e Ting

3 Daﬁ. anc time

5 Initieds of person collecting the receptor

'
The collected dye receptors wiil be piaced i & locked cooler in the trunk ofacar. A
Chain of Custody Form will be prepared for the receprors end they will be delivered 1o the
Crawford and Associsied Leboratlory and piaced in 2 Jocked refrigerator to await anzlysis.
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TASK §: Potentiometric Surface Iovestization Azgust 1-5.

Al accessible water wells and monitoring wells in the area will be measured cuning 2 dry
pcnod and the dzpth to water subtracted from the ground surface elevation which will be
estimated om & 10 {oot contour interval 7.5 minute USGS topogrephic cuadrangle map ora 2
foot contour interval city map. Elevetions at szlected wells, springs and streams may bz
determined by leveling from benchmarks. A water level measurer will be used 1o messwe th
water surface elevation,

TASK 9: Retrieval of First Set of Background Dye Receptors August §.

One of the two sets of passive dye receptors et each monitoring site will be exchanged
and anzlyzed for background fluorescence, The observed background fiuorescense will be
considersd in making the decision ebout the dyes to be used.

TASK 10: Retrieval of Second Set of Background Dyc Receptors August 12

Previous to dye injection, both sets of dye receptors at each monitoring site will be
exchanged and the one instzlled on August 8 will be anelyzed for backgrounc fucrsscence,
Although both sets of receptors will be exchanged each weck, only one sct will be analyzed, The
ciner selis simply 2 beck-up 1o be us=d in the event thet one set is stolen or lost. Also, ten
pereent of the backup recepters will be analyzed es Guplicates for QA/QC,

TASK 11: Instaliation of ISCO Autorsstic Water Samplers Autgust 12.

Two ISCO automatic water sempless will be installed. One s will be located 2t Croft
Soring and the other will bs on tha spring that continuously flows from the CSX Redper Yard
SIOMT $eWers Or On 2 spring near the head of Brown's Creek. Afier the first thres Gyes are
imjected, samples wiil be collected 2t & two-hour interval for two days, then & four-hour intenvel
for nwejve Cays, than an eighi-howr interval for sixieen days. This sequence will be repeated

zfier the second three dyss are injesied.

TASK 12: Dye Injection of First Three Dyes August 12,
AZer the compietion of the hydrogecioyic inventory, the potentiometric Su“af‘e mzp, the

erzlysis of the backeround d\~ ecepiors, the placement of dye receptors in 2il springs, Karst

windows, cave streams, suiace streams 2nd seiected monhcrinz welis 2538 water wells and the

swelletion of the two ISCO olers, three dves wi}l or injecied direct) into @ sinkhole,
monitoring well, p)czommr or hole excavzisd in the 50il. Water from & hose or 2 waier truck

will be used to Dlush the dye pest the soil into ebedrock crevice which jeads to 2 ceve seem.
Usualiy 2bout 500 galions ¢f water are injected into the hole 1o meake sure that it drains
suhiciently and 10 wet the soil s that ‘cs< dye will be sorbed by cleys, The dye is then injected
enc flushed with &t least 2000 gellons of water, Usuzily thres or four dye traces can be
pecformed simultansously by using different dyes.



The Cyes uscally used are:

&) Zosine - Color Index: Acid Red 87

b) riuorescein - Color Index: Acid Yellow 73

c) Optical Brightener - Tinopal CBS-X, Fabric Brightening Agent 351
d) Rhodamine WT - Color Index: Acid Red 388

c) Dipheny! Brilliant Flavine 7GFF - Color Index: Direct Yeliow 96

These zre stzndard dyces often used for dye traces in karst equifers. They are safe for this
purpose in the concentrations used both for human consumption znd aquatic life (Smart, 1985).

We plan 1o inject the first three dyes into three existing monitoring wells or piezometers.
Rhodamine WT, Eosine and Tinopal CBS-X, will be injected into SS31 at the Szad Sie, SSLNI
or P-2 at the CSX Radnor Yard sinkholc area, anc ¢t one of the wells 2t the GZ Maintenance
Facility Sire. Actuzl selection of the dyve injection sites will be determined afier a capacity test
has been performed on each of the wells to maks sure thet they will teke the dve and flush water.
fthese wells have been plugged or if they are so tight that they have very little capacity, it may
oe necessary 10 inswll dve injection pits,

TASK 13: Weekly Collection and Anatysis of Passive Dyc Receptors August 16-October 7

Dye receptors will be changed weekly after dye injection on Avgust 12 for 2 penod of
eight we ek s.

TASK 145 Dye Injection of Second Three Dyves Scptember 9

Afier the completion of the first thres treces (about four wezks), the second three dyes,
probablv riverescein, Direct Yellow 96 and Kfuod mine WT, wiil be injected 2t thres 2dditional
locstions. This is assuming that the dves from the first throe waces go 10 Croft Spring endjor
B’owm Cresk where the ISCO Sa.mpL-. mll be placed. If niot, at lezst one semple

¢ moved end one o7 more traces repesict in order 1o obtain ¢ guantitative frace m@.; a c'ye
breskifrough curve, The se ]ecnon of the second three dve intection points should not be made
untii the first taree are complctcc Then we will i '
fiow informelon, pamticuizrly to establish groundwater 5
or CSX-1 on the CSX Site. Another Jocetion may be selected somewhere between the CZ
end Szad Site. If there ers no existing monitoring wells in thes2 Jocations suitable for c')':
injection, a trackhoe (excavator) will b» used to cng s dye injection pit. Although in some
the depth to bedrock mey be 100 deep to install 2 dye injection pit, .vc'l datz indicates thatin

many greas 11 1s jess than 20 feer.
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TASK 15: Weekly Dve Receptor Anealysis August 8-Octoder

Usuelly within 4 10 10 czys (depending on weather and other fzciors) the dye receptors
e r"slaccd, and the ones collected are then analyzed for ¢ye. The activated charcoz! is weshed
nd then | gram of it is treated with 10 ml of 2 $:2:3 mixture of I-propanol, consentraled
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ammonium hydrexide eng distilied water (Sman, 1972), to clute Fluoresecin, Eosine, and
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Rhodamine WT frem the charcoal. The clutoniis then compered with the elutent of the
backgeround recepior on 2 Shimadzu Speeir Auorophotemster RU 5000, The unticachcd cotion
re TCCTplors 2Tt washzd 1o remove 2s much mud as possidlc, and then tesicd for Optical
srightener and Direct Yellow 96 under a long-wave ultraviolet lamp. Opticel brightener, 1

present, will glow a bluc-white, end Direct Yellow 96, if present, will glow a pale yellow.

TASK 16: Quantitative Analysis of Watcer Samples Collected bY 1SCO Samplers August
12-October 7.

Wwater samples collected by the two 1SCO Samplers will be snalyzed quantitatively for
Rhodamine WT, Fluorescein end Eosine on & Shimadzu Spec’.mﬂuorophozomcte: RU 5000.
This will provids & dye breakthrough curve for each quantitative trace.

TASK 17: Report and Maps of Groundwater Tlow October 7- October 21

This resserch will result in 2 map showing the following for the vicinity of the site!

2) Groundwater elevations of 21l springs, monitoring wells and water weils
meesured. '

k) Potentiomerric surface of the water teble aquifer. .

c) All springs, cave stresms, karst windows and sinking streems in the research area.

) Generalized groundwater flow routes through the aquifer 2s determined from the

dye traces and water t=ble data.
The report will discuss the hydrogeology of the sitc as determi
potemiometric surface and geolegic investigations. This will includc on2
crose-sections showing groundwaler Aow through the kerst acuifer from dy¢ injection poims t0
SpPANgs.

ned by the dye trace,
or more hydrogeologic

~

TIME SCHEDULE

As stated in the bid for this projest, this is not 2 goed time of vear for a dye trace
investigation because of dry weather conditions. The dates indicated in this VWork Plan are

sentative. We will need to inject cye during wet periods when 21l the springs are LOWING. 1 we
do not, we may heve to repeal some of these traces uring the winier 0F spring.
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